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Concrete slabs exposed to direct sunlight experience temperature related horizontal 
movements. In addition, temperatures on the top surface will be higher than those on 
the underside of the slab, causing an upward deflection of the slab during heating. In 
a typical building, masonry and concrete elements are connected to each other at 
their common interfaces. Therefore, significant movements may be generated on the 
masonry walls due to the movement of the roof slab. These movements can result in 
overstressing and cracking in masonry. These cracks may not be structurally serious, 
but may lead to ingress of moisture and in any case are not acceptable especially 
where good finish is desired. 
 
In this study, the behaviour of these cracks was studied based on surveys of buildings 
where such cracks have formed. Also typical structural arrangements were 
numerically modelled to investigate the stresses developing in walls due to the 
movement of the overlying slab and consequent cracking. Using these numerical 
models, the effect of the aspect ratio of the wall, structural form of the wall and 
presence of other structural features such as openings and lintels on the formation of 
these cracks was studied. These results were compared with the information obtained 
from the field survey and also with a few physical models which were constructed to 
the scale of 1/3 of the prototype. The formation of cracks was observed and the 
strains generated on walls and the temperature variations of the assemblies were 
monitored. These observations enabled qualitative validation of the numerical 
models. 
 
Numerical modelling was initially done as a linear elastic un-coupled analysis. A 
commercially available structural analysis software SAP2000 was used for the study. 
Locations and directions where cracking would occur were identified using the 
principal stresses developed in the finite element model and a failure criterion 
developed based on modified Von-Mises theory. Using detailed numerical modelling 
(i.e. non-linear structural-thermal coupled analysis), the development of cracks in 
  
walls under the time varying thermal load was studied. Modelling was done using a  
commercially available finite element code ANSYS 11.0. The model was also used 
to study the effectiveness of various remedial measures for the problem of thermal 
cracks in concrete framed walls. 
 
It was found that concrete framed walls could exhibit horizontal cracking under the 
beam and inclined cracking (at 45° to the horizontal) near the ends of walls. For load 
bearing walls the inclined cracking at wall ends had an inclination to the horizontal 
of around 60°, while vertical cracking near the wall mid length was also a possibility. 
 
Linear elastic analysis will give a reasonably good idea of crack locations in solid 
walls. However non-linear analysis would be required for predicting crack locations 
in walls with openings. 
 
The results of detailed numerical modelling illustrate that the use of a lintel in a 
concrete framed wall is not an effective solution to the problem of thermal cracking 
in walls. However, separating the wall from the concrete frame at the wall-beam 
interface and wall-column interface (for a depth of 1/3 of the wall height from the 
beam soffit level) seems to be an effective solution. 
